Background: Published approaches to the evaluation and management of patients with rapidly progressive dementia (RPD) have been largely informed by experience at academic hospitals and national centers specializing in the diagnosis of Creutzfeldt-Jakob disease. Whether these approaches can be applied to patients assessed within lower-acuity outpatient settings is unknown.
Background: Published approaches to the evaluation and management of patients with rapidly progressive dementia (RPD) have been largely informed by experience at academic hospitals and national centers specializing in the diagnosis of Creutzfeldt-Jakob disease. Whether these approaches can be applied to patients assessed within lower-acuity outpatient settings is unknown.
Methods: A total of 96 patients with suspected RPD were assessed within the Washington University School of Medicine (Saint Louis, MO) outpatient memory clinic from February 2006 to February 2016. Consensus etiologic diagnoses were established following independent review of clinical data by 2 dementia specialists.
Results: In total, 67/90 (70%) patients manifested with faster-thanexpected cognitive decline leading to dementia within 2 years of symptom onset. Female sex (42/67, 63%), median patient age (68.3 y; range, 45.4 to 89.6), and years of education (12 y; range, 6 to 14) were consistent with clinic demographics. Atypical presentations of common neurodegenerative dementing illnesses accounted for 90% (60/67) of RPD cases. Older age predicted a higher odds of amnestic Alzheimer disease dementia (OR, 2.1 per decade; 95% CI, 1.1-3.8; P = 0.02). Parkinsonism (OR, 6.9; 95% CI, 1.6-30.5; P = 0.01) or cortical visual dysfunction (OR, 10.8; 95% CI, 1.7-69.4; P = 0.01) predicted higher odds of another neurodegenerative cause of RPD, including sporadic Creutzfeldt-Jakob disease.
Conclusions and Relevance:
The clinical environment influences the prevalence of RPD causes. The clinical evaluation should be adapted to promote detection of common causes of RPD, specific to the practice setting.
Key Words: rapidly progressive dementia, neurodegenerative disease, Creutzfeldt-Jakob disease, outpatient, memory clinic (Alzheimer Dis Assoc Disord 2018;32:291-297) P ublished approaches to the evaluation and management of patients with rapidly progressive dementia (RPD) [1] [2] [3] [4] [5] [6] [7] have been largely informed by experience at academic hospitals and national centers specializing in the diagnosis of Creutzfeldt-Jakob disease (CJD). [1] [2] [3] [4] [5] 8, 9 These approaches prioritize testing using measures of varying sensitivity and specificity for the diagnosis of CJD, including magnetic resonance (MR) imaging, 10 electroencephalogram (EEG), 11 and cerebrospinal fluid (CSF) biomarkers (ie, total-tau, 14-3-3 and real-time quaking-induced conversion [RT-QuIC] [12] [13] [14] . The prevalence of specific causes of RPD in a given practice environment are expected to vary with center-(eg, level of care provided, academic affiliation, referral base 3,7 ), practitioner-(eg, sub-specialization, clinic wait times 15 ), and patient-specific factors (eg, age, risk factors, and exposures 16, 17 ). Accordingly, it remains unclear whether existing approaches are applicable to the diagnosis of RPD in patients assessed in loweracuity outpatient settings, where the majority of neurological care is delivered.
To address this issue, we evaluated the causes of RPD in patients evaluated over a 10-year period within a tertiarycare outpatient memory clinic. Like many outpatient memory clinics, our Memory Diagnostic Center (MDC) is comprised primarily of older community-dwelling patients, in whom neurodegenerative dementing illnesses (NDI) are increasingly prevalent. 18 Acknowledging this, we hypothesized that atypical presentations of common NDI would account for the majority of cases of RPD encountered in our clinic. We also considered the clinical factors and tests that were most useful in establishing a primary diagnosis, in the interest of optimizing the evaluation of patients with RPD in the outpatient setting.
METHODS

Standard Protocol Approvals, Registrations, and Patient Consents
Beginning February 2006, patients with suspected RPD were identified by MDC clinicians, and clinic identifiers maintained on an internal database to ensure that autopsies (if requested) were performed using appropriate protocols for patients with potentially transmissible diseases (namely prion disease). Medical records from all patients on the "RPD List" were retrospectively reviewed. The Washington University School of Medicine Human Studies Committee approved the study protocols and issued a waiver of consent.
Patients
Patients presented to the MDC for the evaluation and management of cognitive complaints from February 2006 and February 2016. Patients attended a median of 2 assessments (range, 1 to 11), completed over a median of 5.5 (max 85.1) months. Evaluations included a semistructured interview with a knowledgeable collateral source, and detailed neurological examination. Standard tests of global cognitive function (including the Mini-Mental State Examination 19 ), episodic memory, executive functioning, visuospatial ability, language and semantic memory were administered by experienced psychometrists at each visit. At the conclusion of each visit, the treating neurologist determined the most likely etiological diagnosis, and recorded the Clinical Dementia Rating (CDR). The CDR is a widely used measure of dementia severity that reflects performance across 6 cognitive and functional domains. 20 Summation of scores across domains yields the CDR sum-of-boxes (CDR-SB). Change in CDR-SB was used to quantify dementia progression. 21 Ninety-six patients with suspected RPD were identified. Of these, 67/96 (70%) met a priori defined criteria for the diagnosis of RPD and comprised the study population. RPD was diagnosed when dementia developed within 2 years of the onset of the first symptom, or when symptoms progressed at a greater-than-expected rate for a known dementing illness (defined as an increase of more than two global CDR stages in ≤ 2 y). Although there is no universally accepted definition of RPD, these criteria were selected as they closely reflected physician practices at our outpatient MDC, and at other well-established tertiary care centers specializing in the assessment of RPD patients. 1, 7 
Etiologic Diagnoses and Evaluation
The etiologic dementia diagnosis provided by the treating clinician was verified by neuropathological (n = 4) or genetic (n = 1) analyses in 5/67 (7%) cases. In the remaining cases, the medical records were reviewed by a second dementia specialist (blinded to the original clinician's assessment), and a consensus clinical diagnosis was established. Disagreements concerning primary diagnoses were resolved by blinded-review by a third dementia specialist. Etiologic diagnoses were assigned in accordance with published diagnostic criteria (amnestic Alzheimer disease [AD], 22 dementia with Lewy bodies, 23 29 and CJD 30 ). Secondary (potentially modifying) diagnoses were documented when present (eg, active psychiatric symptoms, cerebrovascular disease, sleep disorder, and medication-induced cognitive impairment).
The frequency with which "core tests," recommended in the evaluation of RPD patients, were completed was systematically evaluated (ie, screening serum studies, neuroimaging, CSF analysis and electroencephalogram [EEG] 2,6,7 ). Serum thyroid-stimulating hormone (TSH) or vitamin B12 levels beyond the expected range (expected TSH = 0.3 to 4.20 microliters/mL; expected vitamin B12 ≥ 230 picograms/mL) were labeled abnormal. Structural neuroimaging was deemed abnormal when any of the following findings were present: greater than mild generalized atrophy, prominent asymmetric/regional atrophy, severe deep white matter T2 hyperintensities (MR imaging; corresponding to a Fazekas score of ≥ 2 31 ) or confluent periventricular hypodensities (CT), hemorrhage (macroscopic, or microscopic hemorrhage identified on susceptibility-weighted MR imaging), acute infarction, or edema. Chronic infarcts were not counted as abnormalities. Abnormal EEG findings included diffuse slowing (< 8 Hz), focal epileptiform discharges, or periodic complexes. Cerebrospinal abnormalities included nucleated cell count > 5 cells/mm 3 (tube 4, corrected for red blood cells when appropriate) or elevated protein > 45 mg/dL. The incidence of disease-specific testing was also considered, including AD-(eg, amyloid-β 42 , total-tau and phosphorylated tau; commercial testing by Athena Diagnostics; Marlborough, MA) and CJD-specific CSF biomarkers (eg, total-tau, 14-3-3, RT-QuIC; testing by the National Prion Disease Pathology Surveillance Center, Case Western Reserve University; Cleveland, OH), and autoantibody testing in serum and CSF (commercial testing via the Mayo Clinic; Rochester, MO).
Statistical Analysis
Statistical analyses were conducted using SPSS Statistics (IBM Corp., Version 24.0. Armonk, NY). Group-wise comparisons for continuous variables were evaluated using the Kruskal-Wallis test; the Mann-Whitney U test was used for post hoc comparisons. Group-wise differences for categorical variables were determined using the Fisher's exact test. Potential associations between demographic features, clinical variables, and clinical diagnoses were explored using logistic regression, with diagnosis of amnestic AD dementia (vs. other NDI, including CJD) included as the dependent variable. Age at first diagnosis and sex were included as covariates in the model (forced entry), with covariates of potential interest (years of education; reported history of memory loss, behavioral change, visuospatial or language dysfunction, sleep dysfunction, or weight loss; neurological examination findings indicative of aphasia, cortical visual impairment, cortical sensory or motor impairment, parkinsonism, ataxia, or other gait change) entered by forward step-wise regression (α of 0.05 was used for entry, and 0.1 for removal). Model explanatory power and fit were assessed using the c-statistic and Hosmer-Lemeshow lack-of-fit test. Annualized rates of progression were compared across disease categories (amnestic AD dementia, other NDI, prion disease, non-NDI) using an analysis of variance (ANCOVA), controlling for age-at-symptomatic onset. Group-wise differences in the median duration of illness were depicted by Kaplan-Meier curves, with differences assessed using the Mantel-Cox (log-rank) test. Statistical significance was established at P < 0.05 (Bonferroni-corrected for multiple comparisons when appropriate).
RESULTS
The median age-at-symptomatic onset of patients with suspected RPD was 68.3 years (range, 45.4 to 89.6). Patients had a median of 12 years (range, 6 to 14) of formal education. Sixty-three percent of patients were female (42/67); 62 (93%) patients were Non-Hispanic White; five (7%) were African American. The causes of RPD were established by clinical consensus for the 93% (62/67) of cases without neuropathological or genetic confirmation. Inter-rater agreement was high (Cohen's κ = 0.77), with primary and secondary reviewers arriving at the same diagnosis in 56/62 (90%) cases. Primary NDI accounted for 60/67 (90%) cases; amnestic AD dementia was the most common clinical diagnosis (Table 1) . Other NDI were the second most commonly diagnosed group, including patients with nonamnestic (atypical) dementia syndromes that are commonly (although not always) attributed to AD neuropathology (eg, PCA, logopenic variant PPA). CJD accounted for 6% (4/67) of RPD cases.
Demographic features, presenting complaints, and neurological examination findings are reported at the time of RPD designation (Table 2) , stratified by clinical diagnosis. No between group differences were noted in age-at-symptomatic onset (χ 2 = 3.2; df = 3; P = 0.4), years of education (χ 2 = 1.9; df = 3; P = 0.6) or sex (Fisher's exact test, 2-sided; P = 0.1). Given the limited number of patients with prion diseases or non-neurodegenerative causes of RPD, analyses considering the association between clinical features and clinical diagnoses were limited to those individuals with a diagnosis of amnestic AD dementia versus other NDI (including patients with CJD). The contributions of variables identified in Table 2 to the etiological diagnoses of RPD were considered by forward step-wise logistic regression, controlling for age and gender. Older age at first diagnosis (odds ratio [OR] = 2.1 for each decade of age; 95% CI, 1.1-3.8; P = 0.02) was associated with an increased probability of RPD due to amnestic AD dementia; whereas the detection of cortical visual signs (OR = 10.8; 95% CI, 1.7-69.5; P = 0.01) and/or parkinsonism (OR = 6.9; 95% CI, 1.6-30.5; P = 0.01) predicted an increased likelihood of RPD due to another NDI. The overall model accounted for a statistically significant (χ 2 = 19.8, df = 4, P = 0.001), but clinically modest amount of variance (c-statistic = 0.781). Model fit was adequate (Hosmer-Lemeshow lack-of-fit test: χ 2 = 8.91, df = 8, P = 0.35). The median annualized rate of change in CDR-SB from symptom onset to diagnosis was 6.5 units/year (range, 0.6 to 18.0) across all individuals. The most extreme rates of progression were observed in the limited number of individuals with RPD due to prion disease (mean 17.4 units/ year; 95% CI, 12.4-18.0) or "other" (non-neurodegenerative) causes (mean 15.5 units/y; 95% CI, 9.7-18.0; Fig. 1 ). When controlling for the effects of age, annualized rates of progression were higher in patients with prion disease than those with amnestic AD dementia (mean difference 11.0; 95% CI, 3.8-18.0; P = 0.001), or another NDI (9.2; 95% CI, 2.0-16.5; P = 0.006); and higher in patients with an "other" (non-neurodegenerative) cause than those with amnestic AD dementia (9.1, 95% CI, 0.9-17.3; P = 0.02), but not those with another NDI (7.3; 95% CI, -0.9-15.6; P = 0.1). No differences were observed between patients with RPD because of amnestic AD dementia or another NDI (mean difference, −1.8; 95% CI, −5.3-1.8; P > 0.99), or those with RPD because of prion disease or "other" (non-neurodegenerative) causes (1.9; 95% CI, −8.4-12.2; P > 0.99). Active secondary diagnoses with the potential to affect cognition were more common in patients with RPD due to amnestic AD dementia, affecting 56% (19/34) of patients with amnestic AD dementia, 15% (4/26) of patients with other NDI, and no patients with prion disease or other (nonneurodegenerative) causes (Fisher's exact test, 2-sided; P = 0.001). Depression was the most common secondary diagnosis (amnestic AD dementia = 27%, other NDI = 4%), followed by cerebrovascular disease (amnestic AD dementia = 12%, other NDI = 12%) and sleep dysfunction (amnestic AD dementia = 27%, other NDI = 0%).
Outcome data was available for 79% (53/67) of participants. Of these, 32% (17/53) died of their dementing illness during the study period (median time from symptom onset to death, 12.4 months; range, 2.7 to 76.9). One patient with a non-NDI diagnosis (radiation/chemotherapy-induced leukoencephalopathy) died of metastatic lung cancer. Kaplan-Meier survival curves are shown in Figure 2 . No differences in survival were observed between participants with amnestic AD dementia and other NDI (log-rank: P > 0.05 for all pair-wise comparisons; Fig. 2A ). Secondary clinical diagnoses did not affect survival (log-rank: χ 2 = 0.06, df = 1, P = 0.81; Fig. 2B ).
Serum screening tests, neuroimaging (MR imaging in 62/67, 93%), and routine CSF analyses were performed in the majority of patients, whereas routine EEG, and CSF and serum biomarkers studies were ordered less frequently (Fig. 3) . When CSF was obtained, commercially available AD biomarkers were measured in 60% (21/35), and CJD biomarkers in 80% (28/35) of patients. CSF levels of amyloid-β 42 , total-tau and phosphorylated-tau were "consistent with AD" in 76% (16/21) of patients tested for AD biomarkers, including 11 patients with clinical diagnoses of amnestic AD dementia, 3 patients with PCA, and 1 patient each with cerebral amyloid angiopathy-related inflammation and mixed-vascular dementia. CSF biomarkers for CJD were consistent with CJD in 2 (7%) of 28 patients tested. One patient had a corresponding clinical diagnosis of CJD (total tau, 1528 pg/ml; 14-3-3, "negative"; RT-QuIC, "positive"), with a compatible clinical course and neuroimaging findings. Biomarkers were interpreted as "consistent with CJD" in the other patient (total tau,
Amnestic AD (n=34) Rates of change in CDR-SB at diagnosis. The annualized rate of change in the CDR-SB is shown at the time of RPD designation, stratified by clinical diagnosis. Annualized rates of change were greatest in patients with RPD due to prion disease or "other" (nonneurodegenerative) causes. Differences were evaluated using an analysis of covariance (ANCOVA), controlling for age, and adjusting for multiple comparisons. The dashed horizontal line depicts mean annualized rates of change reported in patients with typical amnestic AD dementia ( ± 95% CI). 21 AD indicates Alzheimer disease; CDR-SB, clinical dementia rating sum-of-boxes; NDI, neurodegenerative dementing illnesses; RPD, rapidly progressive dementia.
Time from Diagnosis (months) 2. Kaplan-Meier "survival" curves. A, Depicting time from diagnosis to death or severe dementia (CDR 3), stratified by clinical diagnosis. B, Depicting time from diagnosis to death or severe dementia (CDR 3), stratified by the presence or absence of secondary diagnoses. Events were defined as death or the development of severe dementia (CDR 3). Participants lost to follow-up were censored at the time of their last assessment. No differences were noted in time to outcome across groups (log-rank statistics, P > 0.05). AD indicates Alzheimer disease; CDR, clinical dementia rating; NDI, neurodegenerative dementing illnesses.
1258 pg/mL; 14-3-3, "equivocal"; RT-QuIC, not available); however, the clinical course was more protracted (progression of symptoms over 4+ years), and MR neuroimaging did not support the diagnosis. Subsequent CSF analyses demonstrated a biomarker profile compatible with AD (decreased amyloid-β 42 , 318.9 pg/mL; increased phosphorylated tau, 111.75 pg/mL), supporting the clinical diagnosis of rapidly progressive amnestic AD dementia. Testing for autoantibodies known to associate with autoimmune encephalitis was performed in the serum of 21 and CSF of 15 patients (both in 10 patients). Moderate titers of autoantibodies against antiganglionic acetylcholine receptor and voltage-gated calcium channel (P/Q) antigens were identified in the serum but not the CSF of 2 patients with a clinical diagnosis of amnestic AD dementia. In both cases, autoantibodies were deemed unlikely to contribute to RPD. No other potentially relevant autoantibodies were detected.
DISCUSSION
Rapidly progressive NDI accounted for 90% of RPD cases diagnosed and managed in our outpatient memory clinic across a 10-year period. Of these, rapidly progressive amnestic AD dementia represented the most common diagnosis. "Other NDI" were the second-most commonly encountered etiologies, including patients with PCA and logopenic variant PPA. As the majority of cases of PCA and logopenic variant PPA are attributable to AD pathology, 28, 32 AD was the most common cause of RPD in our outpatient memory clinic. These findings are consistent with prior reports in RPD patients, [1] [2] [3] 5, 8, 9, 30 and with estimates of dementia subtypes reported in older ( > 68 y) US Medicare beneficiaries with typically progressive dementia. 33 Together, these findings establish AD and other NDI as common causes of rapidly and typically progressive dementias in older individuals encountered in outpatient clinics. Although comorbid diseases or exposures with the potential to affect rates of progression were commonly observed in our cohort (ie, vascular disease, sleep dysfunction, anxiety, or depression), these secondary diagnoses did not alter rates of dementia progression, including the time to development of severe dementia or death. This finding adds to the literature suggesting that rapidly progressive variants of NDI represent distinct disease presentations. 3, 34 The results of this study may inform the evaluation of outpatients with RPD. In this series, standardized clinical assessments and typical diagnostic tests were used to establish a reliable clinical diagnosis, with excellent interrater reliability. These findings suggest that rapidly progressive NDI can reliably be diagnosed in the outpatient setting using standard approaches to dementia assessment. In particular, the detection of parkinsonism or cortical visual dysfunction in patients with RPD should raise suspicion of atypical NDI and/or prion diseases. The absence of these findings may make a diagnosis of amnestic AD dementia more likely-particularly in the older patient.
Consistent with guidelines for the evaluation of patients with typically progressive dementia, routine serum studies and neuroimaging (favoring MR) were completed in the vast majority of RPD patients. 22, 35 However, somewhat unexpectedly, not all investigations routinely recommended for the evaluation of RPD patients were completed in clinic patients. 2, 6, 7 In particular, CSF analyses and EEG were performed in a minority of patients. This may reflect clinicians' hesitancy to subject outpatients with suspected NDI to extensive testing, or challenges associated with coordinating testing outside of the hospital environment. In the absence of evidence supporting a more refined outpatient approach, we continue to assert that "core tests" (serum studies, neuroimaging, EEG and CSF analysis 2,6,7 ) should be completed in all patients with RPD. This recommendation acknowledges the diagnostic and therapeutic value of abnormal CSF (eg, elevated CSF leukocytes supporting an autoimmune, inflammatory or infectious cause) and EEG findings (eg, temporal epileptiform discharges implying focal temporal lobe epilepsy) in informing the clinical diagnosis.
Beyond standard tests, the sensitivity, specificity and limitations of available CSF biomarkers of AD (ie, amyloid-β 42 , total-tau, and phosphorylated tau) are well defined in patients with NDI, 36 with the potential to affirm or refute the clinical diagnosis when interpreted appropriately in RPD patients. 37 Similarly, the high sensitivity and specificity of CJD biomarkers (total-tau, 14-3-3 and RT-QuIC [12] [13] [14] supports the routine use of these measures in the evaluation of RPD patients-particularly when results are interpreted together with clinical and neuroimaging findings. The role of routine testing for autoantibodies in older outpatients with RPD is less clear. Autoantibody testing did not influence the clinical diagnoses in patients in this study. Accordingly, we suggest that autoantibody testing in serum and CSF should be limited to patients with clinical, radiologic or CSF findings suggestive of an autoimmune/ inflammatory cause of RPD. 38, 39 Whether autoantibody testing should be routinely performed in younger RPD patients remains unknown, recognizing that autoimmune/ inflammatory contributions to RPD may be more common in patients 45-year-old or younger. 17 This retrospective case series is subject to several limitations. All patients were assessed at a single center, yielding a modest study size. As a result, it was not possible to robustly evaluate the interactions between multiple variables across patient subgroups. In addition, as this study exclusively evaluated older outpatients in a tertiary-care memory clinic, our findings are best used to inform the care of patients in similar settings. In this context, the focus of our study can be interpreted as a relative strength, providing useful insights into the causes and contributors to RPD in the outpatient setting, where the majority of neurological care is delivered. Finally, we acknowledge that the low rate of pathologic confirmation raises questions concerning the validity of clinical diagnoses. The low autopsy rate reflects a general shift away from routine autopsies in clinical practice. 40 However, as clinical and pathologicallyconfirmed diagnoses may diverge in~15% of individuals undergoing systematic dementia assessments, 41 the importance of pathologic verification of suspected diagnoses is clear. Increasing access to in vivo disease-specific biomarkers may further decrease the perceived need for autopsy in patients with suspected NDI. The importance of autopsy confirmation should continue to be emphasized in patients with atypical clinical presentations, including RPD, recognizing the critical role of pathologic confirmation in establishing the sensitivity and specificity of emergent disease biomarkers, 42 and in deciphering the contributions of multiple neurodegenerative pathologies to the clinical presentation of disease. 43 
CONCLUSIONS
Atypical presentations of typical NDI (especially amnestic AD dementia) accounted for the majority of causes of RPD in older patients assessed and managed in our outpatient memory clinic. The clinical evaluation should be adapted to promote detection of common causes of RPD, specific to the practice setting. In the outpatient clinic, our experience suggests that diagnoses can be reliably established by integrating information from history and physical examination, together with results from serum studies, neuroimaging, CSF analyses and routine EEG. Diseasespecific CSF biomarkers may be leveraged to increase confidence in the clinical diagnosis, but do not replace the need for autopsy to confirm the final diagnosis.
